The 
Introduction
Spinel oxides have gained much technological importance because of their high resistance and exciting magnetic characteristics. The general chemical formula of the spinel ferrites is AB 2 O 4 , where A is a divalent metal ion (cation) and B is a trivalent metal ion (cation). In magnetically diluted ferrites the ferric ions are distributed among octahedral B site and tetrahedral A site lattice positions. Ferrite is known to be a spinel oxide consisting of a cubic close-packed arrangement of anions (oxygen ions) with one half of the octahedral interstices (B sites) and one-eighth of the tetrahedral interstices (A sites) occupied with cations. Ferrites have many applications because of their high resistivity and permeability. Ferrite cores are used in electronic inductors, transformers, electromagnets, radio engineering and computer technology [1] . Most common radio magnets, including those used in loudspeakers, are ferrite magnets. It is a common magnetic material for electromagnetic instrument pickups because of low price and relatively high output. The interest of studying ferrites with different compositions using different techniques is due to their diversified uses [2] - [6] . Crystallographic methods depend on the analysis of the diffraction patterns of a sample obtained from X-ray or neutron diffraction. Diffraction method, especially X-ray diffraction, is widely used in materials science [7] - [13] . The X-ray or neutron diffraction is used to identify the patterns which are present in a particular material, and thus which compounds are present [14] [15] .
Because of their high opacity, zinc ferrites can be used as pigments, especially in applications requiring heat stability. For example, zinc ferrite prepared from iron oxide can be used as a substitute for applications in temperatures above 350˚F (177˚C) [16] . When added to high corrosion-resistant coatings, the corrosion protection increases with an increase in the concentration of zinc ferrite [17] . A recent investigation shows that the zinc ferrite, which is paramagnetic in the bulk form, becomes ferrimagnetic in nanocrystalline thin film format [18] . A large room temperature magnetization and narrow ferromagnetic resonance line width have been achieved by controlling thin films growth conditions [19] .
In this research aluminum doped zinc ferrite, ZnAl x Fe 2-x O 4 with x = 0.0, 0.2 and 0.4 (ZAF) were prepared to investigate the effect of Al on zinc ferrite and how the lattice parameters change with Al doping and was characterized by X-ray diffraction. Lattice parameters of all the samples have been determined by the Nelson-Riley function and compared with the values obtained from XRD. Density, porosity, lattice parameters, oxygen positions and cation distributions have been determined using X-ray diffraction data.
Experimental

Synthesis of ZnAl x Fe 2-x O 4 (ZAF)
ZnAl x Fe 2-x O 4 (x = 0.0, 0.2, 0.4) were prepared by the solid state reaction. Powder of ZnO (99% pure), Al 2 O 3 (99% pure), Fe 2 O 3 (99% pure) were used as initial chemicals in precise stoichiometric ratios. The chemicals were weighed individually using a digital micro balance and then thoroughly mixed in an agate mortar for two hours of each sample. Then the samples were milled intimately in a stainless steel ball-milling for about 6 hours. For fine mixing of the ingredients, a small amount of distilled water was used. Then the mixtures were dried on a magnetic heater and then calcinated in an alumina crucible at 800˚C in air for 8 hours inside a muffle furnace to homogenize the product. Little amount of polyvinyl alcohol (PVA) was added to each dried powder as binder and was again closely grinded. The powders were then pressed into pellets of 13 mm dia using a hydraulic press with 5 tons pressure. All pellets were slightly brick reddish in color and were finally sintered at 1350˚C for 6 hours in air with the rate of 5˚C/min and then converted into powder again for X-ray diffraction experiment.
Structural Analysis
The X-ray diffraction experiments were performed on all the samples using X' Pert PRO XRD system (Manufacturer: PANalytical, Frankfurt, Germany) with CuK α1 radiation of wavelength λ = 1.54056 Å in the angular range of 2θ = 15˚ to 90˚ with a step size of 0.025˚ at room temperature. The X-ray diffraction patterns for all the samples have been indexed using the indexing program TREOR90 [20] . The lattice constants, oxygen position parameters and cation distributions been determined precisely by using the Rietveld refinement [21] program RIETAN-2000 [22] . Figure 1 shows the Rietveld analysis profile of X-ray diffraction data of ZnAl 0.2 Fe 1.8 O 4 at room temperature.
Results and Discussion
XRD Pattern Analysis
Rietveld analysis of the X-ray diffraction patterns confirms the single phase spinel structure for all the three samples. It was found that (311) Bragg reflection has the highest intensity for all samples. The crystal structure of spinel oxide is defined by three crystallographic parameters, namely the lattice constant (a 0 ), oxygen position parameter (u) and cation distribution on the A and B sites.
The spinel structure exhibits the symmetry of the space group Fd3m and this space group has been used in the data refinement process for generating the calculated diffraction profile. The occupation numbers of cations at A and B sites and other structural parameters have been obtained from the basis of the best fit to the observed data. It is evident from the agreement factors that the observed and calculated intensities are quite satisfactory.
In the refinement process lattice constants, oxygen position parameters and cation distribution have been determined and presented in Table 1 . In the table we see that the lattice constants decrease with the increase of Al contents. This is due to the effect of the size or radius of the aluminum atom in comparison with the iron (iron is bigger than the aluminum).
The agreement factors (R-factors) and χ 2 are the indicators of the goodness of fit of the refinement parameters. The values of R-factors (%) and χ 2 obtained from the Rietveld refinement of the X-ray data by using the program RIETAN-2000 are given in Table 2 . The goodness of fits (χ 2 ) is increased with the increasing of aluminum and may be due to the ratio or number of aluminum atoms increased or decreasing of iron atoms from the zinc ferrite. The profile R factor, weighted R factor is increased with the increasing of aluminum, on the other hand the expected R factor decreased with the increasing of it. 
Lattice Parameters
Lattice parameter decreases with Al doping. The decrease in lattice parameter is due to the smaller ionic radius of Al in comparison to Fe. The change in lattice parameters with doping follows the Vegard's law with a very small deviation for x = 0.2 composition. Figure 2 shows the plot of lattice parameter versus doping concentration. Nelson-Riley [23] function was calculated to find the greater range of linearity. The calculated values of Nelson-Riley (N-R) functions are plotted against the lattice parameters in Figures 3-5 for the three composition of x = 0.0, 0.2 and 0.4 respectively.
Bulk Density
The bulk density (ρ B ) has been calculated by using the usual mass volume ratio; X-ray density (ρ x ) by using molecular weight, Avogadro's constant & lattice constants and porosity (ρ) has been calculated by using both bulk density and X-ray density.
The calculated bulk density, X-ray density and porosity of the three samples are given in Table 4 . The bulk density increases with the increases of aluminum, due to the smaller size of aluminum which create less porous inside the material around the spheres of aluminum. ions were occupied the octahedral (B) site; 75% of the Zn 2+ ions were occupied the tetrahedral (A) site and the rest (25%) at octahedral (B); 15.62% of the Fe 3+ ions were occupied the tetrahedral (A) site and rest (84.38%) at the octahedral (B). The bulk density and X-ray density of all the samples found that the individual specimen showed good consistency between themselves irrespective of aluminum contents.
